Rates of open reduction of intussusception were noted to be unacceptably high during an institutional internal audit. Objectives. To determine the impact of revised protocols to better select patients for pneumatic reduction (PR), and document associated morbidity and mortality, and the factors that affect the above. Methods. Medical records of patients between 3 months and 3 years of age presenting to the Department of Paediatric Surgery at Chris Hani Baragwanath Academic Hospital, Johannesburg, South Africa, from 2007 to 2010 were reviewed. Determining factors, including duration of symptoms, admission Creactive protein (CRP) level and weight, were analysed against clinical outcomes, notably PR, bowel resection, relook laparotomy and death. Results. A total of 97 cases were suitable for inclusion. In 62 of these (63.9%), PR was attempted; this was successful in 32 cases (51.6%), giving an overall successful PR rate of 33.0%. In 7 of the 62 patients, a pneumoperitoneum was documented during the reduction attempt. Of the 65 patients who underwent surgery, 53 required intestinal resection and 12 had spontaneous or manual reduction. Ileostomy was necessary in 9 patients, and 7 required relook laparotomy. The overall mortality rate was 9.1%. Averages of 'determining factors' assessed against clinical outcome were as follows: mean weight (standard deviation (SD)) 7.4 (4.3) kg, mean duration of symptoms (DOS) 3.0 (SD 2.2) days, and admission CRP level 50.9 mg/L (range 1 249.3). Prolonged DOS and a raised CRP level predicted a poor outcome. Conclusions. Despite marked improvements in management and PR outcomes, intussusception remains associated with significant morbidity and mortality. Prolonged DOS and an elevated CRP predict worse outcomes. The use of these markers in association with clinical factors may assist management decisions, specifically with regard to operative or nonoperative management. Awareness and education are key to prompt presentation and early diagnosis. Welldefined protocols introduced at all points of contact ensure early recognition and resuscitation as well as prompt referral for definitive management.
RESEARCH
Intussusception is classically divided into idio pathic and pathological causes, with idiopathic intussusception typically occuring between the ages of 6 months and 3 years. [1] Over the age of 3 years, pathological causes predominate, with Meckel's di verti culum, intestinal duplication cysts, polyps and intestinal malignancy the most commonly occurring lead points. [2, 3] If intuss usception is not rapidly reduced, congestion and subsequent ischaemia of the bowel wall will result, with necrosis, perforation and death as possible outcomes.
Management may be either nonoperative or operative. The challenge is in triaging patients correctly into the two management groups, and this is dependent on epidemiological, clinical and radiological factors. Before 2006, an unpublished audit at our insti tution (Chris Hani Baragwanath Academic Hospital (CHBAH), Johannesburg, South Africa (SA)) demonstrated a subjective reluctance to attempt pneumatic reduction (PR), with the result that the vast majority (>90%) of patients were taken directly for laparotomy. Intestinal resection rates were perceived to be high.
In 2006, with the employment of new paediatric surgeons and in cooperation with the Department of Radiology, updated manage ment guidelines were instituted in an attempt to increase the success of PR. These included the introduction of a standardised PR protocol, where both the radiology consultant and the senior paediatric surgery registrar are present during the PR procedure, which is initiated at an inflation pressure of 80 mmHg, maintained for 3 minutes, then increased by 20 mmHg every 3 minutes to a maximum of 120 mmHg. The PR procedure is performed in the radiology suite without sedation. Failure of PR after this protocol mandated open surgical exploration, and the cohort of patients in this series were not offered a second PR attempt. Absolute contraindications to PR included peritonitis, free intraperitoneal air, established obstruction, haemodynamic instability and multiorgan failure. We simultaneously instituted a prospective observational study to assess our cohort of patients presenting with intussusception and document the impact of our updated guidelines. A further aim was to assess which local epidemiological and clinical factors affected morbidity and mortality, expressed as defined clinical outcomes. The following 'determining factors' were assessed against clinical outcome: DOS, admission CRP level, weight, and pres ence of palpable intussusceptum per rectum. All pathology specimens from patients who underwent resection were histo logically assessed for the presence of transmural necrosis of the intestinal wall. Subgroup analysis was undertaken on patients presenting primarily to CMJAH and CHBAH (referred to as 'inhouse' patients) and those transferred from peripheral referral hospitals.
Methods
Groups were compared with the Mann Whitney Utest and independent samples ttest for numerical variables, and the χ 2 / Fisher's exact tests for categorical variables. Correlation between CRP levels and DOS was assessed using the Pearson's product moment correlation coefficient. Univariate logistic regression was used to quantify the association between determining factors and clinical outcomes. The 5% significance level was used. Statistica (Statsoft Inc., USA) software was employed for statistical analysis.
Results
A total of 108 cases of pediatric intuss usception were documented, of which 11 were excluded. Eight patients were aged >3 years and underwent primary surgical intervention as per local protocol, and one infant had an exploratory laparotomy for an unknown cause of intestinal obstruction where a jejunojejunal intussusception was discovered. Two children with presumed ileocolic intussusception died on arrival before intervention, and were also excluded. A total of 97 cases of presumed ileocolic intussusception were therefore included in the study.
PR was attempted in 62 patients (63.9%); it was successful in 32 (51.6%), equating to an overall success rate of 33.0% (32/97). In 7 cases a pneumoperitoneum was docu mented during PR. At operation all of these patients were found to have transmural necrosis at the site of perforation, confirming that the perforations were preexisting and secondary to the advanced state of pathology, as opposed to overenthusiastic reduction techniques. A total of 65 patients underwent surgical management, 35 primarily and 30 after failed PR. The indication for primary surgery in the 35 cases was established intes tinal obstruction with significant abdo minal distension, where additional distention of the gastrointestinal tract would cause further respiratory distress. None of the patients who were treated surgically presented with peritonitis. Fiftythree (81.5%) required intestinal resection. No leadpoint pathology was documented histologically. Of the remaining 12 intussusceptions (18.5%), 7 were found to have reduced spontaneously, all in the PR group. Manual reduction was required in the remaining 5. Diversion of the gastrointestinal tract by means of ileostomy was necessary in 9 of the 65 patients who required exploration (13.8%), all in the group that needed resection (Fig. 1) .
Averages of the determining factors were as follows: mean (standard deviation (SD)) weight 7.4 (SD 4.3) kg, mean DOS 3.0 (SD 2.2) days, palpable rectal intussusceptum 22% (21/97), and admission CRP level 50.9 mg/L (range 1 249.3). In the subgroup analysis comparing patients admitted directly to CMJAH and CHBAH with those referred from peripheral hospitals, no signi ficant differences were noted in DOS, admission CRP or weight. There was also no significant difference between the referred group and the inhouse group with regard to the rate of successful PR (13/32 (40.6%) and 18/30 (60.0%), respectively) (p=0.16). The mortality rate was nearly three times higher in the referred group (7/55 (12.7%) v. 2/42 (4.7%) in the inhouse group), but the difference was not statistically significant (p=0.18). In the subgroup analysis of patients who underwent intestinal resection, CRP levels were compared between two groups: cases in which histological examination confirmed the presence of transmural necrosis (mean CRP 108 mg/L, range 11.8 229.9), and those in which Table 1 . The DOS positively predicted a poorer outcome. The positive correlation between CRP levels and DOS was significant. Seven patients required a relook laparotomy after their initial procedure, the most common indication being abdominal compartment syndrome (ACS) (n=3). Sheath dehiscence occurred in 2 cases and an anastomotic leak after right hemicolectomy and ileocolic anastomosis in 1 case. This last patient required repair after developing a jejunal perforation arising from a serosal tear sustained at initial laparotomy. The mortality rate was 7.2% (7/97) in the study group, but including the 2 patients who were excluded from the study because they died prior to intervention, this increased to 9.1%. The first of these, a 4month old infant with AIDS, died of systemic sepsis secondary to Pneumocystis jirvoveci pneumonia, and the second, a 3month old with acute lymphoblastic leukaemia, developed tumour lysis syndrome and acute renal failure. We considered it pertinent to include these in our mortality statistics, as they reflect the overall mortality in patients with intussusception presenting to our unit. Five patients died postoperatively secondary to nosocomial sepsis and multiple organ dysfunction, one infant died from severe gastroenteritis and septic shock a week after hospital discharge, and another developed seizures of unknown aetiology and presented to the emergency department dead on arrival, also in the week following discharge. Univariate logistic regression per clinical outcome is shown in Table 1 .
Discussion
Idiopathic intussusception is common in children, with described rates of successful nonoperative reduction of >90% and overall mortality approaching zero. [4, 5] The present series, as well as others from developing countries, reports associations with significant morbidity and mortality, and emphasises that intussusception should not be underestimated. The last reported experience from CMJAH, by Rogers et al. [6] in 2007, documented a 25% success rate of PR in comparison with the current rate of 33%. [6] At the time of the previous study, standardised PR techniques were not in place and treatment was primarily surgical, with a low threshold for opting for resection. The improvement can be explained by the introduction and implementation of standardised protocols in 2006, including guidelines for resuscitation as well as selection for, and performance of, PR. Greater experience in both paediatric surgery and radiology have also had a positive effect.
Our intestinal resection rate of 81.5% in patients undergoing exploration is high compared with other series. Mayell [7] reported a 22.7% resection rate, with the rest of the operative cases undergoing spontaneous or manual reduction, possibly demonstrating poor selection for operation in their series. There has been a steady decrease in the number of manual reductions over the years, with our experience demonstrating the lowest manual reduction rate in SA, [611] suggesting that institutional protocols for PR are stringent and reliable.
The average DOS before presentation was 3.0 (SD 2.2) days in our series, which is similar to other series from developing countries. However, this compares poorly with data from the developed world, where the majority of patients have had mere hours of symptoms before presentation. The average DOS for a successful pneumatic reduction in our series is 1.9 (SD 1.3) days, which suggests that stringent protocols excluding attempts at PR in cases with symptoms longer than 24 hours are not well founded. A good history of the exact time of onset of symptoms is important, however, as the longer the DOS, the more physiologically unwell the patient will be. This is confirmed by the predictive nature of DOS for relook laparotomy and mortality, with odds ratios (ORs) of 2.4 and 1.4, respectively. It is not clear why the DOS does not have any influence on the resection rate in our series, as it would be expected that the longer the duration of a nonreduced intussusception, the greater the chance that ischaemia and necrosis would develop, necessitating bowel resection at laparotomy. It could be postulated that although DOS does not impact on the development of ischaemia and necrosis, it does provide a prolonged opportunity for stasis and bacterial translocation, resulting in the systemic inflammatory response syndrome and multiple organ dysfunction syndrome. Prolonged DOS and intestinal obstruction would also cause excessive fluid losses, causing significant metabolic and electrolyte abnormalities. While intussusception may result in localised intraabdominal complications, specifically bowel necrosis and perforation, it is the systemic effects, particularly intravascular depletion and metabolic acidosis, that are most concerning and need to be rapidly and aggressively addressed before definitive management.
It is of interest that the DOS and CRP predict for similar clinical outcomes and a positive correlation exists between DOS and CRP, with a Pearson correlation coefficient of 0.4. Although not linear, CRP values increase incrementally the longer the DOS. The exact relationship between these two factors cannot be concluded from this study. However, it is important to clarify that prolonged DOS results in a poor outcome, while a raised CRP level is a marker of, but not contributory to, poor outcome. A raised CRP is predictive of failure of PR and relook laparotomy, with ORs of 1.01 (p=0.043) and 1.01 (p=0.025), respectively. This discrepancy between OR and pvalue is attributed to the fact that a wide range in CRP values (1 243.2) was analysed. Our results concur with previous studies indicating an association of failed PR with a raised CRP. This study did not evaluate at what level a raised CRP would positively predict failure. However, the converse should hold true: PR in a patient with a normal CRP value on presentation should prove successful in the majority of cases. As positive predictors of outcome, these two factors in combination with other clinical and radiological findings can assist the clinician in stratifying patients for operative and nonoperative management. Relook laparotomies are a described but rare procedure in paediatric surgery. However, in this series a relook laparotomy was required in 10.8% of all the operative cases, for the reasons listed above. Relook When comparing inhouse patients with those referred from districtlevel hospitals, CRP levels and DOS were similar. Although no statistical significance was reached, the mortality rate for the referred group was three times higher than that for the inhouse group. We attribute this to delayed diagnosis and underresuscitation at the referring facilities, as well as prolonged transportation times with underresuscitation during transfer. While this is purely speculative, it does highlight the importance of resuscitation at the point of first contact.
Our mortality rate was high, and comparison of mortality rates can be misleading, with many unaccountedfor factors contributing to death. If we exclude the two patients who died after discharge, our mortality rate would be 7%, comparable to other SA case series. However, our results are not favourable when compared with international series, which document success rates of nonoperative reduction in excess of 90% and mortality rates approaching zero. [3, 4] A better developed health infrastructure, wellinformed patient population, better socioeconomic status, an increased ratio of specialists (paediatric surgeons and radiologists) to population and easier access to healthcare all contribute to this significant difference in outcome.
Conclusions
Intussusception is not a benign condition; on the contrary, it is associated with significant morbidity and mortality. A prolonged DOS, invariably due to socioeconomic, infrastructural and health management factors, and a raised CRP level are predictors for outcomes in intussusception. The use of DOS and CRP in asso ciation with other clinical factors may assist clinicians in making management decisions, specifically regarding operative or non operative management. Introduction of PR guidelines has improved our use of this modality, directly contributing to an increase of successful PR from 25% to 33%. Public awareness and education would result in more prompt presentation to healthcare facilities. Welldefined protocols introduced at all points of contact in the healthcare delivery system would ensure early recognition of intussuception and aggressive resuscitation, followed by appropriate referral for definitive management.
